Introduction
Communication in health care often means the exchange of medical information. This is true for ward rounds in internal medicine [1] , outpatients in internal medicine [2] , and oncological consultations (e.g. [3, 4] ). Findings indicate that many patients and their relatives want to be fully informed about their condition [5] [6] [7] [8] . For instance, questionnaire data indicate that 87% of patients ''want to be told all information'' and only 9% ''want the doctor to choose how much information to give'' [9] (see also [5, 6] ). Similarly, qualitative data show that both patients and parents expect physicians to inform them about diagnosis, therapy, and prognosis [10] [11] [12] .
Patient-physician communication goes beyond the filling of knowledge gaps, however. It is also the basis for patients' inferences about the health practitioner. For instance, recent qualitative studies on communication in oncology have demonstrated that patients' trust is based primarily on the impression of clinical competence that emerges from their communication with oncological surgeons and haematologists [13] . Furthermore, Parker et al. [14] and Hagerty et al. [15] have reported that patients' hope depends largely on the impression that their physician is competent and ''knows all there is to know about the disease''. Physicians may not be aware of the importance that patients attribute to receiving information, however: In their studies of patient centeredness and consultation skills in primary care, Ogden et al. [7] and Robinson et al. [8] found that patients ranked items relating to patient information and the structure of consultations significantly higher than physicians did.
However, other findings suggest that the exchange of information may be an ephemeral phenomenon. Specifically, several studies have found that patient comprehension and recall of information is limited [16, 17] . Three examples from surgery illustrate these limitations: On average, only 2 out of 5 complications were recalled in the context of elective plastic surgery [18] ; 5 out of 32 pieces of information were correctly remembered 2 h after the preoperative discussion prior to brain surgery and 4 out of 25 pieces of information prior to spinal surgery [19] (for a recent review, see [20] ). Questionnaire data from patients with advanced metastatic cancer revealed how little patients understood of their clinical situation. Although they had been informed by their doctors about the advanced stage of their disease and the clinical consequences, they largely overestimated the chance of recovery and failed to understand the palliative rather than curative goal of their treatment [21] .
These insights raise the following questions: How can patient recall and understanding of medical information be improved? One of the first authors to address these questions was Ley (e.g. [22] ). Ley recommended using explicit categorisation, with the clinician presenting ''information in categories, which he has announced in advance''. Several review articles have since investigated whether patient understanding and recall of information can be improved by the use of additional communicative aids. Although results have been mixed and the evidence is not always convincing, the general picture to emerge is that patients recall slightly more information when they are given written or otherwise designed information material. For example, Ciciriello et al. [23] found weak evidence that the addition of multimedia material to standard instructions improved patient knowledge about medication (see also [24] [25] [26] ). To our knowledge, however, none of the interventions evaluated in these review articles have focused on the explicit structuring of verbal information.
Although the provision of generic written information improves patient knowledge to some extent, it is associated with two major problems: First, information leaflets on diagnostic interventions usually cover the standard procedure in common diagnoses. However, the typical patient presents with a more complex combination of symptoms, diagnoses, and treatment options -a complexity that cannot be accommodated in standardised materials. Second, even when provided with the most sophisticated information material, patients show much lower recall capacity than physicians evidently assume: Physicians asked which information was essential for patients discharged from the emergency department after presenting with acute chest pain on average chose 36 out of 81 pre-defined items [27] -far beyond the typical recall capacity reported in the literature (e.g. [20] ). Both problems are related. Tailoring information to more complex real-world cases is likely to involve the provision of even more information.
In principle, there are two ways out of this dilemma: less information or better communication. By better communication, we mean communication in ways that increase the likelihood that patients will later be able to retrieve the information. Here, we investigate whether structuring medical information improves recall. Specifically, information appears easier to retain when it is structured in a way that helps the recipient to organise it [28, 29] . In written material, structure is reflected in the way content is ordered sequentially. For instance, in newspapers, headlines precede the main text and are easy to identify; they announce the topic elaborated on in the text. Books use even more sophisticated structural elements to guide readers through content: title, table of contents, chapter headings, text, reference list, etc. In our communication skills training for medical students, we have used the term ''book metaphor'' to help participants understand, appreciate and remember the value and function of ''structuring information'' [30, 31] .
In this pilot study, we investigated whether first-year psychology students serving as surrogate patients recalled more information when discharge information was presented in structured form, in accordance with the book metaphor, than they did when exactly the same information was presented in nonstructured form.
Methods

Participants
First-year psychology students were invited to participate in a trial measuring recall of medical information. Of the 167 students approached, 105 agreed to participate and provided informed consent. Sixteen of these students were male; mean age was 21.5 AE 3.8 years. Ninety-eight students returned completed recall protocols. The study was approved by the local ethics committee (protocol number: 362/11). Participants received no compensation for their participation.
Study design
On their arrival, students were randomly allocated to two lecture halls. They were informed that they were participating in an experiment about physicians' communication style, and that they would be shown a video of a physician discharging a patient from the emergency department. The patient was a white man of around 75 years of age, played by an actor. The information conveyed was defined after a careful Delphi process, in which three expert physicians agreed on 28 items of information that they considered essential for a patient with unstable angina pectoris after exclusion of acute myocardial infarction [32] . The experts were informed that this information would be given to a patient during discharge from the emergency department, that the time allotted for this consultation was a maximum of 15 min, and that the patient would see his GP within the next two or three days. Study authors reviewed the two versions of the video to make sure that both contained the same factual information.
The two student groups watched the same male physician deliver exactly the same 28 items of information in a friendly manner and without the use of medical jargon in either structured or nonstructured form. Specifically, in the nonstructured condition (NS group), the order of presentation was based on traditional clinical wisdom: pieces of information that belonged together because they pertained to, for example, the likely diagnosis of coronary artery disease were presented in one block of information (likewise, there were blocks of information on pathophysiology, further work-up, therapy, and red flags). However, there was no explicit structure. In the structured condition (S group) the information presented was structured following the structural elements of a book, in which the content is presented in a specific order, typically advancing from summary, high-level information (e.g., title, table of contents, chapter headings) to detailed, lowlevel information (e.g., text, annexes). Following this book structure [33] , the physician initiated the interaction as follows:
Mr. Lehmann, I will now give you some discharge information (TITLE) Before you go home, there are five points that I would like to inform you about ( 
Dependent variables
Immediately after watching the video (and without prior warning), students were given 5 min to write down all the information they remembered from the exchange. They were asked not to consult their neighbours. No further instructions were given. Students were then asked to complete a questionnaire assessing their prior medical knowledge. This multiple-choice questionnaire covered the following topics: definition of myocardial infarction; definition of angina pectoris; risk factors for cardiovascular disease; typical pain sensations in myocardial infarction; cardiac angiography; physiological processes typically associated with cardiac pain. They then rated their current sense of well-being (numerical rating scale from 0 [very bad] to 10 [very good]), their ability to concentrate on the day of the study (numerical rating scale from 0 [very low] to 10 [very high]), and their perception of the physician on three items ranging from 0 to 10, with 0 representing a low or negative response and 10 representing a high or positive response.
Students' recall performance (i.e., the number of items of information recalled) was assessed by two independent raters, one of whom rated all of the protocols and the other, 10% of them. Analyses of the agreement between the two raters resulted in a Cohen's kappa of 0.74, indicating substantial interrater reliability according to Landis and Koch [34] . When it became clear that some students in the structured condition had also noted down chapter headings, we also assessed the extent to which students recalled these structuring elements. Both raters independently screened all protocols to identify the five chapter headings listed in the example above. They agreed fully on the number of protocols in which at least one chapter heading was recalled and differed in the number of chapter headings recalled in only 2 of those 33 cases. Agreement was achieved by discussing these differences.
Statistical analysis
All data were analysed with SPSS. Items recall is presented in terms of the percentage of students who noted down each item in the recall protocol. We report means and standard deviations for students' subjective well-being, concentration ability, and perceptions of the physician in the two conditions; comparisons between groups were conducted using t-tests for independent samples. The influence of prior medical knowledge, subjective well-being, and concentration ability on recall was assessed by an analysis of covariance (ANCOVA), with number of recalled items as the dependent variable and condition as the independent variable.
Results
One student in the nonstructured and 6 students in the structured condition returned empty recall protocols. Students in both groups reported a similar sense of well-being on the day of the study (6.5 AE 1.8 in both groups; n.s.). Students in the structured group felt better able to concentrate (6.5 AE 1.8 vs. 5.6 AE 2.0; p = 0.03). Students in the structured group answered 3.20 AE 1.3 items correctly in the medical knowledge assessment, slightly but not significantly more than their counterparts in the nonstructured group (2.94 AE 1.08 items, n.s.). Table 1 presents both groups' perception of the physician, showing more positive responses in the structured group.
The mean number of items recalled was 8.12 AE 4.31 (N = 57) in the structured condition and 5.71 AE 3.73 (N = 41) in the nonstructured condition (p = 0.005). The mean for the whole sample was 7.11 AE 4.23 items. Table 2 lists the percentage of participants who correctly recalled each item. Of the 57 participants in the structured condition, 33 spontaneously listed 3.45 AE 1.23 chapter headings in addition to factual items. Students who did not list chapter headings recalled 8.33 AE 4.4 items; those who did recalled 7.97 AE 4.27 items (n.s.). None of the covariates (prior medical knowledge, age, gender, sense of well-being, ability to concentrate, perception of the physician) influenced the number of items recalled.
Discussion and conclusion
Discussion
Our findings show that the number of items of information that experts considered essential for patients being discharged from the emergency department by far exceeded participants' recall capacity [18] . This finding could have major consequences for clinical practice and teaching. Assuming that medical information has one primary goal, namely to enable the patient to make informed choices, the elements of information provided need to be limited to a number that patients can retain in memory and use during the decision-making process. In other words, the amount of oral information transmitted needs to be drastically reduced.
So how can health professionals identify the elements that are truly essential for a patient to know? In the context of our study, information on red flags signalling that the patient should return to the emergency department is essential because it might save a patient's life. Another crucial piece of information is arguably how to prevent another vascular event by adhering to prescribed drugs and dosages. Yet our results showed that information on red flags and medication was not well recalled [35] . A second major result is that a simple communication technique improves recall of medical information. To our knowledge, this is the first cognitive intervention in a clinical setting to implement the suggestions of authors such as Doak and Doak [29] and Ley (e.g. [22] ), who argued that structured information is easier to recall than nonstructured information. However, these authors did not provide strong evidence to support this hypothesis. Studies with chess players have convincingly demonstrated that people retrieve information much better when it is organised along familiar structures: master chess players recalled the position of pieces in a chess game with an incredible precision of 93% after a presentation time of only 5 s [36] , and fared much worse when they were asked to recall the position of randomly placed pieces [37] .
One might argue that recall in the present study would have been better if participants had been given longer to complete their recall protocols. We doubt this to be the case, because almost all participants finished within 5 min in a pre-pilot test. Even if the time allotted were too short, this would primarily have disadvantaged students in the structured condition, where there was more information to be recalled, namely, chapter headings in addition to factual information.
Indeed, the observation that many students in the structured group spontaneously wrote down chapter headings in addition to factual items was an interesting and unexpected finding. These students apparently dealt with chapter headings in a similar way as they did single items of factual information. One might argue that the imposition of structure renders necessary the provision of more elements of information, with detrimental effects on recallspecifically, that increased memory load decreases the likelihood of recall of target items in the structured condition. However, we showed, first, that structure improved recall of target items and, second, that there was no difference in the number of factual items recalled by students who wrote down chapter headings and those who did not. Therefore, the price of structure -even more information -is a price worth paying.
It seems likely that the better recall of students in the structured condition can be attributed to ''chunking'': the ability to form highlevel clusters of information from low-level individual elements [38] [39] [40] . The concept of a ''chunk'' referring to a pattern of other symbols has been studied as a model of memory organization. It has, for example, been used to explain why more elaborate prior knowledge can lead to an increased ability to extract information from the environment [38] .
The recall of chapter headings or a table of contents in addition to single items may be of specific importance because it can help patients to define gaps in their knowledge. For example, a patient discharged from the emergency department may later tell his partner: ''Then she told me something about the treatment plan, but I don't actually remember what she said.'' This patient would be better prepared to prompt the physician to repeat the information subsumed under this heading at their next encounter.
Limitations
Roughly two-thirds of the first-year psychology students approached responded to our invitation to participate in the present study. We do not know whether selection bias had any influence on recall. If one assumes that respondents are better motivated than nonrespondents, it would mean that our results tend to overestimate recall in a less motivated population. Along similar lines, one might argue that a sample of young psychology students is not representative of the average patient newly diagnosed with coronary heart disease. The question is whether this mismatch induced a bias in favour of the intervention, or whether the results should be interpreted with special caution. First-year psychology students are probably better trained and capable of storing new information than the typical 60-year-old with less formal education. Therefore, our results might in fact overestimate the number of items that typical patients are able to recall. On the other hand, it is possible that students are less motivated than real patients to recall information because they are not directly affected by it. It is difficult to predict whether the book structure will be of more or less help to real patients than to well-educated young students, but it seems reasonable to assume that the less prior knowledge an individual has, the more helpful the combination of single items with structure will be. Thus, a patient who is able to link new information to existing knowledge or to organise new information along logical or associative strings will have better recall. The present results pertain primarily to patients with little or no prior knowledge of their condition. This generally holds for patients in an emergency situation, but may not apply to patients with chronic conditions, who consult for the same problem repeatedly and themselves acquire a continuously growing medical knowledge. Future research needs to examine whether, for example, more knowledgeable students recall more items and reap less benefit from the structuring of information.
Conclusions
A necessary condition for shared decision making in health care is informed patients who are knowledgeable about the consequences of a given diagnosis or a certain treatment. In order to make informed decisions, patients must be able to store information in memory and recall it when necessary. On average, study participants recalled 7 of a total of 28 items of information that were deemed essential by expert physicians. Structuring information according to the book metaphor improved recall from 5.7 items in the nonstructured condition to 8.1 items in the structured condition.
Practice implications
Two findings merit special attention: First, if patients recall about 7 new items (as our findings suggest), it is likely that all patients are overwhelmed by information in typical patientphysician communication. Clinicians must therefore decide which information is absolutely crucial and which information can be tailored to the patient's individual needs. This calls for action on the clinicians' part: In addition to the development of extensive information material, a consensus must be reached on which information on a given disease, diagnosis or treatment is truly essential. Second, more research is needed on the merits and limits of the book metaphor, and on the efficacy of training programs in the use of this technique.
